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1 Y.-H. Liu, M.-T. Chung, H.-C. Lin, T.-A. Lee, Y.-J. Cheng, C.-C. Huang, H.-M. Wu*, and Y.-C. Tung*, “Shaping Early
Neural Development by Timed Elevated Tissue Oxygen Tension: Insights from Multiomic Analysis on
Human Cerebral Organoids,” Science Advances, Vol. 11, ado1164, March 2025.

2 H.-H. Hsu, P-L. Ko, C.-C. Peng, Y.-). Cheng, H.-M. Wu, and Y.-C. Tung*, “Studying Sprouting Angiogenesis
under Combination of Oxygen Gradients and Co-Culture of Fibroblasts Using Microfluidic Cell Culture
Model,” Materials Today Bio, Vol. 21,100703, August 2023.

3 C.-W. Chang, H.-C. Shih, M. Cortes-Medina, P. E. Beshay, A. Avendano, A. ). Seibel, W.-H. Liao, Y-C. Tung*, and
J. W. Song?*, “ECM-Derived Biophysical Cues Mediate Interstitial Flow-Induced Sprouting Angiogenesis,”
ACS Applied Materials & Interfaces, Vol. 15, pp. 15047-15088, March 2023.

4 P-L. Ko, C.-K. Wang, H.-H. Hsu, T.-A. Lee, and Y.-C. Tung?*, “Revealing Anisotropic Elasticity of Endothelium
under Fluid Shear Stress,” Acta Biomaterialia, Vol. 145, pp. 316-328, June 2022.

5H.-H. Hsu, P.-L. Ko, H.-M. Wu, H.-C. Line, C.-K. Wang, and Y.-C. Tung*, “Study Formation of Three-
Dimensional Endothelial Cell Network under Various Oxygen Microenvironment and Hydrogel
Composition Combinations Using Upside-Down Microfluidic Device,” Small, Vol. 17, Issue 15, 2006091,
April 2021. (Featured as the inside back cover image)

Shaping early neural development by timed elevated tissue oxygen tension:

Insights from multiomic analysis on human cerebral organoids

Yuan-Hsuan Liu, Meng-Ting Chung, His-Chieh, Lin, Tse-Ang, Lee, Ya-Jen Cheng, Chien-Chang Huang,

Hsiao-Mei Wu,* and Yi-Chung Tung*

Academic Sinica, Research Center for Applied Sciences
Science Advances 2025, DOI: 10.1126/sciadv.ado1164

Oxygen is critical for early brain development,
especially before full vascularization, but has been
understudied due to technical challenges. This
study uses human cerebral organoids with advanced
microscopies and single-cell RNA sequencing to
monitor tissue oxygen during neurodevelopment. A
key window between weeks 4 and 6 shows elevated
intra-organoid oxygen, altered energy metabolism,
and rapid neurogenesis. This oxygen increase is
suppressed by hypoxia or neuroglobin gene silencing.
The findings reveal oxygen’s functional, genotypic, and
proteomic roles in early neurogenesis and highlight
the importance of timed oxygen elevation. The study
also implicates neuroglobin in neural development,
offering insights relevant to neurodegenerative
diseases and potential therapeutic strategies.

Studying sprouting angiogenesis under combination of oxygen gradients
and co-culture of fibroblasts using microfiuidic cell culture model

Heng-Hua Hsu, Ping-Liang Ko, Chien-Chung Peng, Ya-Jen Cheng, Hsiao-Mei Wu, and Yi-Chung Tung*

Academic Sinica, Research Center for Applied Sciences
Materials Today Bio 2023, DOI: 10.1016/j.mtbi0.2023.100703

Sprouting angiogenesis is vital for vascular
growth in various conditions. This study introduces a
microfluidic device that supports 3D cell culture within a
hydrogel matrix and generates stable oxygen gradients
to study endothelial cell sprouting. Endothelial cells
form a monolayer mimicking blood vessels, while
adjacent hydrogels—with or without fibroblasts—serve
as matrices for sprouting. Oxygen gradients are created
using a spatially confined chemical reaction. Results
show that oxygen gradients and fibroblast co-culture
enhance endothelial sprouting by influencing cytokine
levels and modifying the hydrogel’s physical properties.
This platform enables controlled simulation of in vivo-
like microenvironments, allowing investigation of how
biochemical and mechanical cues drive angiogenesis.

The device serves as a versatile in vitro model for studying vascular development and disease
mechanisms, with potential applications in drug screening and regenerative medicine.
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Self-referenced Digital Spectral Chromatic Local Surface Plasmon
Resonance in Ultrasensitive Severe Sepsis Interleukin-6 Detection

& 15 1

EH%'%E%IE

\\\\\\\ RBBHTRRBL (1994)

@ 02-2787-3146

@ pkwei@sinica.edu.tw

multiband pass filter | 08
responses by regulating leukocyte activity and tissue L
inflammation and is also implicated in energy metabolism ws (”
A~ regulation. In this study, we employed a contrast imaging
. o B
1EAF§) | method to detect changes in the localized surface
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1 Ting-Wei Chang, Ting-Hao Chuang, Sheng-Hann Wang, Wing Kiu Yeung?*, Pei-Kuen Wei*,”Self-
referenced Digital Spectral Chromatic Local Surface Plasmon Resonance in Ultrasensitive Severe Sepsis
Interleukin-6 Detection”, ACS Sens. 2025, 10, 2, 1178-1186

2 (Patents) Pei-Kuen Wei, Ming-Yang Pan, Kuang-Li Lee: METHOD AND APPARATUS FOR SURFACE
PLASMON RESONANCE IMAGING, US Patent No.: US 12,099,009 B2, Sep. 24, 2024; European Patent No.
EP3861325 04.12.2024

3 Ting-Wei Chang, Sheng-Hann Wang, luan-Sheau Chin, Pei-Zhen Li, Shu-Cheng Lo, Shu-Yi Hsieh, Jung-
Hsin Lin*, Pei-Kuen Wei*,’Biomimetic affinity sensor for the ultrasensitive detection of neonicotinoids”,
Biosens. & Bioelectron. 239, 2023, 115630

4 Shu-Cheng Lo, Sheng-Hann Wang, Ting-Wei Chang, Kuang-Li Lee, Ruey-Lin Chern, and Pei-Kuen
Wei*, ”"Dual Gold-Nanoslit Electrodes for Ultrasensitive Detection of Antigen-Antibody Reactions in
EIectrochemlcaI Surface Plasmon Resonance”, ACS Sensors 2022 7 (9), 2597-2605

5Sheng-Hann Wang; Chia-Wen Kuo; Shu-Cheng Lo; Wing Kiu Yeung; Ting-Wei Chang; Pei-Kuen Wei*,

“Spectral Image Contrast-Based Flow Digital Nanoplasmon-metry for Ultrasensitive Antibody
Detection”, Journal of Nanobiotechnology. 2 20, (2022)

Ting-Wei Chang, Ting-Hao Chuang, Sheng-Hann Wang, Wing Kiu Yeung, Pei-Kuen Wei

Academic Sinica, Research Center for Applied Sciences
ACS Sens. 2025, 10, 2, 1178-1186/j.bi0s.2023.115630

Interleukin-6 (IL-6) is a cytokine that mediates a range
of physiological functions. It plays a crucial role in immune

plasmon resonance of gold nanoparticles (AuNPs) induced
by biomolecular binding. By digitally analyzing chromatic
image contrast across numerous individual AuNPs, we
significantly enhanced signal output, enabling sensitive
detection even at low IL-6 concentrations in complex
human blood plasma. The platform effectively detects IL-6
within 45 minutes, using only 0.5 mL of a 10-fold diluted,
label-free sample. It achieved a limit of detection (LOD) and
limit of quantification (LOQ) of less than 19.2 fg/mL and
87.8 fg/mL, respectively, with a recovery rate of 96%. This
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platform demonstrates strong potential as a rapid and efficient tool for clinical biomarker monitoring.

Aluminum-Coated Nanoridge Arrays with Dual Evanescent Wavelengths for
Real-Time and Label-Free Cellular Analysis

Kuang-Li Lee, Hsien-San Hou, Xu Shi, Meng-Lin You, Ming-Yang Pan, Yasutaka Matsuo, Yasutaka

Matsuo, Ji-Yen Cheng, Hiroaki Misawa, Pei-Kuen Wei

Academic Sinica, Research Center for Applied Sciences
J. Phys. Chem. C 2024, 128, 8, 3384-3392/ acs.jpcc.3c08016

We introduced the concept of Fano resonances
with dual evanescent lengths in aluminum-coated
nanoridge arrays for real-time, label-free analysis
of cellular adhesion. This approach enables dual-
range sensing and utilizes four-parameter plots
to characterize both short-range and long-range
adhesion behaviors. The shorter evanescent length
of the Fano dip is sensitive to the cell-substrate
adhesion interface, while the longer evanescent
length penetrates deeper into the cellular medium,
capturing broader cellular interactions such as cell-
cell adhesion. When integrated with a hyperspectral
imaging system, the aluminum-coated nanoridge
arrays support multiplexed sensing of cell adhesion,
offering a powerful tool for high-throughput cell
biology research, immunotherapy, and drug discovery.
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1 Chuang, P.S.,Kao, W.C,, Yu, Z.R,, Lin, T.C., Shih, K.N., Yang, W.Y., Leung, Y.Y., Hsu, M.T., Chen, T.Y., Shikina, S.
et al. (2025) Innovative chips for coral cultivation: Enhanced flexibility and experimental applications.
Methods Ecol Evol, 16, 707-714.

2 Tseng, T.Y., Chang, T.C. and Cheng, J.Y. (2024) A correlation of polymorphic G-quadruplex formation in
vitro and in the lysosomes of live cancer cells. Int ] Biol Macromol, 290, 138899.

3 Santoso, F., De Leon, M.P.,, Kao, W.C., Chu, W.C,, Roan, H.Y,, Lee, G.H., Tang, M.J,, Cheng, ).Y. and Chen, C.H.
(2024) Appendage-resident epithelial cells expedite wound healing response in adult zebrafish. Curr

Biol, 34.

4 Lai, Y.T., Wei, P.K., Kuo, C.Y. and Cheng, J.Y. (2023) Inference detection and classification of illicit drugs
by a modest Raman spectrometer with a convolutional neural network analyzer. Sensor Actuat
B-Chem, 375.

5 Chou, S.E., Lee, K.L., Wei, P.K. and Cheng, J.Y. (2021) Screening anti-metastasis drugs by cell adhesion-
induced color change in a biochip. Lab Chip, 21,2955-2970.
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Al-assisted cell viability quantification microchem. .
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Cell adhesion quantification by nanostructure
SPR Biosensor 2015, 2019; Sci.Rpt. 2019; Lab-on-chip. 2021.
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Urinary cancer biomarker
detection using nanostructure
SPR analyst 2013, 2015, 2018, 2021; SnB 2020
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% Hm Eﬂ: 7o Accurate and 30-plus days reliable cuffless blood pressure measurements with
=]

v 9-minutes personal photoplethysmograph data and mixed deduction learning
RERBREMARSE S RIEL

Bitewulign Kassa Mekonnen, Wei-Ru Lu, Tung-Han Hsieh, Justin Chu and Fu-Liang Yang

Scientific Reports volume 14, Article number: 23722 (2024) Comparison of SBP Measurements Comparison of DBP Measuretments

e :
@ 02-2787 3173 R A To further meet the clinical accuracy requirements, PPG-only BP 5 39
R o] predictions with personalized modeling for overcoming personal £ * £
s e R deviations have been widely studied, but all required tens to % ° i
@ flyang@sinica.edu.tw hundreds of minutes of personal PPG measurements for training. 2 | :

Since our objective is commercial application and a substantial
reduction in training data, we tailored our model training to closely

mimic real-world usage. To achieve this, we developed a training
1@AF§A approach that only requires 9-minutes of personal PPG signal
J recordings and mixed with other PPG data from our recruited 364

subjects. The modeling is conducted with two-channel paired inputs

BEE (Fu-Liang YANG) {4+ IREBFEMEXEEHFE ERENULEEEZLEETE to the convolutional neural network (CNN)-based model, which
(Photoplethysmography, PPG) i {TIEEAXINHE (Non-invasive Blood Glucose,NIBG) &8Il - 5% we called Mixed Deduction Learning (MDL). The test results of 88
B EATN I R ORI B AR ABROTIS, - BRBTE R MBS - BEMHE EXALL - samples from 15 subjects,under testng pericd up to 30-plus days
M 2 ERIAE K BB EN SIS B o 72 2013 LEZ R » TS FEE 5 253K CMOS RyRESHEB R » | - without extra calibration, revealed that MDL meets most of the
7‘539_&@5{ 'E"_‘_' ?Hﬂ{ﬁ ﬁ FL e 1+ ZHl > /ixw *EEE' e AUHRRT &=&e ’ /L&H% standards of AAMI, BHS, and |EEE 1708-2014 (for static test only) for
ERTHEREEE - BP measurement devices, which indicates MDLs long-term stability
" . and consistency. Furthermore, we found that the model with two- 1hos PO i
FEMFTARALENT ! channel inputs presents a trend of improving performance as the "2 @ = 0 i {2500 ”wii' o
. N pool of mixed training data increased, while the conventional one- e
2024 &£ EZRIRLE (}iﬁquﬁ}%?ﬁt@;ﬁ{Tqﬂ) channel input revealed degraded performance. The outperformance Ho. w( s it
BT HEE SN ERE L Tae TR RIS E R B E RS E A of MDL is attributed to many significant features remained in the ~ 9: it - k| S———
2022 52 25 Al 4 e = 1z first CNN layer even when mixing personal 9-minutes data with the 777 @ 20 50 #4112 o700 200 o0 ot 12 010 20 300 10 i
F ﬁfﬂ%ﬁﬁ!ﬁ{;iﬁ\g@ﬁi%?ﬁ*&) other 364 subjects. Consequently, PPG-only with MDL introduces a
RIS E I /A P\ LR TR e new avenue for overcoming challenges in training due to personal
2020 &£ ?%ﬁ ﬁ{]ﬂ% (?Slig’féf —g—z%?f PEXE R INETEFTRI A F)) ) physiological variations. Given our consideration of real-life usage, this technology can be seamlessly translated to commercial
I2hEREN B R4 (HelixExternalCounterPulsationSystem applications.
B REBKNEH—RIEEARMEEE R E IR AR ZEEMAER RS - BAEREMYE imblicit HbA1c Achieving 87% for Non-i ive Fastine Blood
RZERERRNBFRA - BERREZELEENOLE MG E—SRREMOATESEEL mplici ¢ Achieving /0 accuracy tor Non-invasive rasting Bloo
THAILAEERSE  SHEMERERRETERNE - BEENSGERR - ZREMAMKEAKMYE - Glucose Measurements within 90 days by Photoplethysmography

BUEITREATRRILUR S TRE -

Justin Chu, Yao-Ting Chang , Shien-Kuei Liaw and Fu-Liang Yang *

Bioengineering 2023, 10(10), 1207

To reduce the error induced by overfitting or underfitting in predicting non-invasive fasting blood glucose (NIBG)
levels using photoplethysmography (PPG) data alone, we previously demonstrated incorporating HbA1c feature

1 Bitewulign Kassa Mekonnen, Wei-Ru Lu, Tung-Han Hsieh, Justin Chu, & Fu-Liang Yang*. Accurate and 30-plus

days reliable cuffless blood pressure measurements with 9-minutes personal photoplethysmograph led to a notable 10 % improvement in NIBG prediction accuracy (the ratio in zone A of Clarke’s error grid). However,
data and mixed deduction learning.” Scientific Reports volume 14, Articlenumber: 23722(2024). https:// this enhancement came at the cost of requiring an additional HbAlc measurement, thus unfriendly to users. In this
: _ _ _ study, the enhanced HbA1c NIBG model (blood glucose level predicted from PPG and HbA1c) is trained with 1494
doi.org/10.1038/541598-024-75583-y measurements, and we replaced the HbAlc measurement (explicit HbA1c) with “implicit HbA1c” which is reversely
2 Wei-Ru Lu, Wen-Tse Yang, Justin Chu, Tung-Han Hsieh & Fu-Liang Yang*. “Deduction learning for precise derived from pretested PPG and finger pricked blood glucose level.
noninvasive measurements of blood glucose with a dozen rounds of data for model training” Scientific N Implicit HbALc Explicit HbALc

Reports volume 12, Article number: 6506(2022), https://doi.org/10.1038/s41598-022-10360-3

3 Chu, J; Yang, W.-T,; Lu, W-R; Chang, Y.-T.; Hsieh, T.-H.; Yang, F.-L*. “90% Accuracy for Photoplethysmography- A
Based Non-Invasive Blood Glucose Prediction by Deep Learning with Cohort Arrangement and ) S
Quarterly Measured HbA1c.” Sensors 2021, 21, 7815. https://doi.org/10.3390/s21237815

* €6

300

4 Justin Chu, Wen-Tse Yang, Yao-Ting Chang* and Fu-Liang Yang* “Visual Reassessment with Flux Interval
Plot Configuration after Automatic Classification for Accurate Atrial Fibrillation Detection by
Photoplethysmography” Diagnostics2022,12,1304.https://doi.org/10.3390/diagnostics12061304 deition /g

Predicted Concentration [mg/dl]

5 Justin Chu, Wen-Tse Yang, Tung-Han Hsieh, Fu-Liang Yang*, Feb. 2021 “One-Minute Finger Pulsation o . T T T
Measurement for Diabetes Rapid Screening with 1.3% to 13% False-Negative Prediction Rate” N it

Biomedical Statistics and Informatics 2021; 6(1):6-13,D01:10.11648/].bsi.20210601.12
HEEYTIREREEHRC | HEAS | 20



I i

PR Ig =
A=

MR SRR BEE (1998)

. 0227873135
@ peilin@gate.sinica.edu.tw

BRIFZEHR BRI ARZ2RO0MES - ERRNESEVRIERE YR GEIFHE - MR EER
ERFABEEE  LEFAOFRSRKNFHEBZEANREER - MR EBERBNIRESESR
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Receptor Ligand-Free Mesoporous Silica Nanoparticles
ACS Nano 2024, 18, 12716-12736

Mesoporous silica nanoparticles (MSNs) represent a
promising avenue for targeted brain tumor therapy. @
However, the blood-brain barrier (BBB) often

@

B <0
€

A

Size x Surface » Corona Protein + /J
Enhanced

presents a formidable obstacle to efficient drug 48/ Penetration
delivery. This study introduces a ligand-free PEGylated by @

MSN variant (RMSN25-PEG-TA) with a 25 nm size and =< ° Brain
a slight 905|t|v§ F:harge, which exh.lblts.superlor BBB » s o Ast:;i';‘liuncﬁon <): Tumor
penetration. Utilizing two-photon imaging, RMSN25-

PEG-TA particles remained in circulation for over 24

h, indicating significant traversal beyond the cerebrovascular realm. Importantly, DOX@RMSN25-PEG-TA,
our MSN loaded with doxorubicin (DOX), harnessed the enhanced permeability and retention (EPR) effect
to achieve a 6-fold increase in brain accumulation compared to free DOX. In vivo evaluations confirmed
the potent inhibition of orthotopic glioma growth by DOX@RMSN25-PEG-TA, extending survival rates in
spontaneous brain tumor models by over 28% and offering an improved biosafety profile. Advanced LC-MS/
MS investigations unveiled a distinctive protein corona surrounding RMSN25-PEG-TA, suggesting proteins
such as apolipoprotein E and albumin could play pivotal roles in enabling its BBB penetration.

Spatial Force Distribution as a Biomarker for Cancer Cell Identification and
Drug Resistance Detection

Force Arrays Screening
Tool (FAST) provides a

Force Arrays Screening Tool (FAST)

4,= = T Ay V4 P S - s . a 8 _ ﬁ

TEE  WERBZARITNELLRERAE - SREN - REBCEYHMRE  EERRE novel, high-throughput, g, /¥ O

KRHEAA o label-free, user-friendly, = | 5 T
and real-time approach | wantoce tj’.‘ 'E?g\'\ -
to measure cellular i (e

RREE

Zih-An Chen, et al., ACS Nano 2024, 18, 12716

Xuejiao Tian, et al., Nature Comm. 2024, 15, 10911

Yu-Tse Lee, et al., ACS Appl. Mater. Interfaces 2024, 16, 61787
Chi-Shan Li, et al., Proc. Natl. Acad. Sci. U.S.A., 2023, 12, 2207091120
Yu-Sheng Hsiao, et al., ACS Appl. Mater. Interfaces 2023, 15, 21953
Yuan-Yuan Cheng, et al., Circulation, 2022, 146, 1950.

Wei-Chun Tang, et al., Communications Biology, 2022, 5, 879
San-Shan Huang, et al., Science Advances, 2021, 7, eabf2400.
Hung-Lin Chen, et al., ). Clin. Invest. 2021, 131, e130704.

10 Yi-Ping Chen, et al., Biomaterials. 2020, 246, 119997.

11 Rong-Lin Chang, et al., ACS Applied Materials & Interfaces, 2020, 12, 42472
12 Li-An Chu, et.al., Nature Comm. 2019, 10, 4762.

13 Po-Kai Chuang, et al., Proc Natl Acad Sci USA 2019, 116, 3518

14 Tony W.H. Tang, et al., Circulation, 2019, 139, 647

15 Zih-An Chen, et al., ACS Applied Materials & Interfaces, 2019, 11,4790

traction forces at single- Mbionign S Lowlorcs
Force reduced light intensity |

cell resolution. By —
. . Force mapping of EGFR mutation lung cancer Frequency map of cellular force
rapidly screening cells

based on mechanical ====-\ %l
properties, FAST enables —  HNlSEEE : — —
detailed phenotypic EEEEER -
characterization and PEEEEe S §I )
efficient drug sensitivity ...--./
testing. Its capability to

simultaneously map traction forces across thousands of cells delivers unprecedented insights into
dynamic cellular behaviors under physiological conditions. We demonstrate that spatial traction
force distributions are potent biophysical biomarkers for distinguishing cellular phenotypes.
Specifically, FAST identified distinct traction patterns that differentiate drug-sensitive from drug-
resistant lung cancer cells. Importantly, these mechanical signatures correlate with key molecular
regulators, YAP and B1-integrin. Pharmacological inhibition of YAP and B1-integrin successfully
reverted drug-resistant mechanical phenotypes, restoring responsiveness to tyrosine kinase
inhibitors (TKIs). FAST thus significantly advances cellular mechanobiology research and clinical
applications, offering powerful opportunities for improved drug discovery, cancer diagnostics, and
identification of therapeutic targets based on mechanical phenotype profiling.
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1 Ting-Wei Chang, Sheng-Hann Wang, luan-Sheau Chin, Pei-Zhen Li, Shu-Cheng Lo, Shu-Yi Hsieh, Jung-Hsin
Lin*, Pei-Kun Wei* Biomimetic affinity sensor for ultrasensitive detection of nicotinoids. Biosensors and
Bioelectronics. 239: 115630 (2023)

2 Dhananjay C. Joshi, Charlie Gosse, Shu-Yu Huang and Jung-Hsin Lin*, A curvilinear-path umbrella sampling
approach to characterizing the interactions between rapamycin and three FKBP12 variants Front. Mol.
Biosci. 9: 879000 (2022)

3 Dhananjay Joshi and Jung-Hsin Lin* Delineating protein-protein curvilinear dissociation pathways and
energetics with multiple-walker umbrella sampling simulations. J. Comput. Chem. 40: 1652-1663 (2019)

4 Jui-Chih Wang, Pei-Ying Chu, Chung-Ming Chen and Jung-Hsin Lin* idTarget: a web server for identifying
proteins targets of small chemical molecules with robust scoring functions and a divide-and-conquer
docking approach. Nucleic Acids Res. 40: W393-W399 (2012).

5 Po-Hsien Lee, Kuei-Ling Kuo, Pei-Ying Chu, Eric M. Liu, Jung-Hsin Lin* SLITHER: a web server for generating
contiguous conformations of substrate molecules entering into deep active sites of proteins or migrating
through channels in membrane transporters. Nucleic Acids Res. 37: W559-W564 (2009)

Delineating Protein-Protein Curvilinear Dissociation Pathways and Energetics
with Naive Multiple-Walker Umbrella Sampling Simulations

Dhananjay C. Joshi, Jung-Hsin Lin*

Academic Sinica, Research Center for Applied Sciences
J. Comput. Chem., 2019, DOI: DOI:10.1002/jcc.25821

The protein-protein interaction energetics can be
obtained by calculating the potential of mean force
(PMF) from umbrella sampling (US) simulations, in which
samplings are often enhanced along a predefined vector
as the reaction coordinate. However, any slight change
in the vector may significantly vary the calculated PMF,
and therefore the energetics using a random choice
of vector may mislead. A non-predefined curve path-  fraces of curvilinear physical transitions for barnase—
based sampling enhancement approach is a natural  barstar from sequential US MD simulations.
alternative, but was relatively less explored. In this

40

work, dissociation of the barnase-barstar complex is W ' : ]
simulated by implementing non-predefined curvilinear sof PHEG T e
pathways in US simulations. A simple variational 32 %Egg* /ﬁ
principle is applied to determine the lower bound PMF, gzo Eﬁgg //r__/, S s
which could be used to derive the standard free energy £ ™| nirii — e

of binding. Two major dissociation pathways, which " /

include interactions with the RNA-binding loop and i \ . ‘ . ]
the Val 36 to Gly 40 loop, are observed. Further, the 20 = 2 35 o ?

Distance (A)

proposed approach was used to discriminate the decoys

. . . . A variational principle-based h dopted t
from protein—protein docking studies. variational principle-based approach was acopted fo

selected the PMF.

A Curvilinear-Path Umbrella Sampling Approach to Characterizing the
Interactions Between Rapamycin and Three FKBP12 Variants

Dhananjay C. Joshi, Charlie Gosse, Shu-Yu Huang and Jung-Hsin Lin*

Academic Sinica, Research Center for Applied Sciences
Front. Mol. Biosci. 9: 879000 (2022) DOI: 10.3389/fmol.2022.879000

Rapamycin is an immunosuppressant macrolide that exhibits anti-proliferative properties through inhibiting
the mTOR kinase. Despite the availability of structural and thermodynamic information on the interaction of
FKBP12 with rapamycin, the energetic and mechanistic understanding of this process is still incomplete. In the
present paper, we extend our investigations to a protein-small molecule duo, the FKBP12.rapamycin complex. We
estimate the binding free energies of rapamycin with wild-type FKBP12 and two mutants in which a hydrogen
bond has been removed, D37V and Y82F. On one hand, removing the carboxylate group of D37 strongly
destabilizes the association; on the other hand, the hydroxyl group of Y82 is nearly unnecessary for the stability
of the complex because some nonconventional, cryptic, indirect interaction mechanisms seem to be at work.

Structure of the FKBP12srapamycin complex as determined in PDB TFKB.
(A) Coulombic surface representation

(B) Surface representation of the protein alone with the hydrogen-bond forming residues
in orange and the hydrophobic residues in gray.

(C) The five hydrogen bonds formed between FKBP12 and rapamycin are shown as dashed
lines.

(D) Close-up view on the Y82 and D37 residues and resulting starting conformation
obtained after either the Y82F or the D37V substitution.
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1 C.-C. Kuo, W.-Y. Liao, Y.-J. Lin, and C.-H. Lee, “A 3D cell culture platform for evaluating macrophage-
liposome conjugates in combination chemotherapy,” Journal of Biomedical Materials Research Part A
113, 37939 (2025).

2 H.-). Pan, C.-W. Lee, L.-Y. Wu, H.-H. Hsu, Y.-C. Tung, W.-Y. Liao, and C.-H. Lee, “A 3D culture system for
evaluating the combined effects of cisplatin and anti-fibrotic drugs on the growth and invasion of lung
cancer cells co-cultured with fibroblasts,” APL Bioengineering 7,016117 (2023).

3Y.-C. Kao, G.-Y. Lin, J.-Y. Cheng, and C.-H. Lee, “Neurite growth induced by red light-caused intracellular
production of reactive oxygen species through cytochrome c oxidase activation,” Journal of
Photochemistry & Photobiology, B: Biology 241, 112681 (2023).

4 C.-W. Lee, C.-C. Kuo, C.-J. Liang, H.-J. Pan, C.-N. Shen, and C.-H. Lee, “Effects of the media conditioned by
various macrophage subtypes derived from THP-1 cells on tunneling nanotube formation in pancreatic
cancer cells,” BMC Molecular and Cell Biology 23, 26 (2022).

5 H.-H. Hou, H.-J. Pan, W.-Y. Liao, C.-H. Lee, and C.-J. Yu, “Autophagy in fibroblasts induced by cigarette smoke
extract promotes invasion in lung cancer cells,” International Journal of Cancer 147, 2587-2596 (2020).

A 3D culture system for evaluating the combined effects of cisplatin and anti-fibrotic

drugs on the growth and invasion of lung cancer cells co-cultured with fibroblasts

H.-J. Pan, C.-W. Lee, L.-Y. Wu, H.-H. Hsu, Y.-C. Tung, W.-Y. Liao, and C.-H. Lee

Research Center for Applied Sciences, Academia Sinica
APL Bioengineering 7, 016117 (2023)

We developed a 3D co-culture system
composed of the mixture of fibrin and Matrigel
to mimic the tumor microenvironment for
studying the impact of drug combinations on
a tumor of lung cancer cells co-cultured with
fibroblasts. The results demonstrated that an
anti-fibrotic drug, nintedanib, could improve
the effect of an anticancer drug, cisplatin, to
reduce tumor growth and invasion. We also
identified four genes in fibroblasts relevant
to cell adhesion, invasion, or ECM degradation
that were reduced by nintedanib in this co-
culture system. This work was also reported
by Genetic Engineering & Biotechnology News,
March 29, 2023.

anti-fibrotic drug (Nintedanib)

C.-C. Kuo, W.-Y. Liao, Y.-J. Lin, and C.-H. Lee

Research Center for Applied Sciences, Academia Sinica
J. Biomed. Mater. Res. A 113, e37939 (2025).

We collaborated with Dr. Yu-Jung Lin to assess the
capability of macrophages delivering chemotherapy
directly to tumor cells. We created a 3D cell culture
system that closely mimicked real tumors, allowing
us to watch how macrophages carrying drug-filled
liposomes (called M ¢ -Lip) moved, invaded, and
killed tumor cells. We tested the drug combination
of cisplatin (CDDP) and paclitaxel (Taxol) at various
concentrations, and found that the types and
amounts of drugs affected how well the macrophages
infiltrated into the collagen gel surrounding a
tumor cell spheroid. The results suggest that Taxol
could increase the diameters of liposomes and thus
reduced the infiltration efficiency of the drug-carrying
macrophages. This platform could help fine-tune
targeted drug delivery and improve cancer treatment
outcomes in the future.

anticancer drug (Cisplatin)
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A 3D cell culture platform for evaluating macrophage-liposome conjugates
in combination chemotherapy
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1 P Chen, Y Xiao, JT Hu, SD Li, DY Luo,* R Su, P Caprioglio, P Kaienburg, XH Jia, N Chen, J) Wu, YP Sui, PYi Tang,
HM Yan, TY Huang, MT Yu, QY Li, LC Zhao, CH Hou, YW You, JJ Shyue, DK Wang, X] Li, Q Zhao, QH Gong*, ZH
Lu*, HJ Snaith* and R Zhu* "Multifunctional Ytterbium Oxide Buffer for Perovskite Solar Cells" Nature 625
[7995] 516-522 (2024).

2 HY Tan, SC Lin, JL Wang, JH Chen, CJ Chang, CH Hou, JJ Shyue, TR Kuo and HM Chen* "Reversibly Adapting
Configuration in Atomic Catalyst Enables Efficient Oxygen Electroreduction” J of the Am. Chem. Soc. 145
[49] 27054-27066 (2023).

3 YQ Yang, GD Li, LC Zhao, P) Tan, Y Li,* SD Li, LN CH Chuang, TY Wang, CY Chou, SH Yi, ) Shyue and M) Chen*
"Sharp Transformation Across Morphotropic Phase Boundary in sub-6 nm Wake-Up-Free Ferroelectric
Films by Atomic Layer Technology" Adv. Sci. 10 [32] 2302770 (2023).

4 )Y Li, YZ Qian, W Li*, SC Yu, YX Ke, HW Qian, YH Lin, CH Hou*, JJ Shyue, ] Zhou, Y Chen, JP Xu, JY Zhu, MF Yi*
and W Huang* "Polymeric Memristor Based Artificial Synapses with Ultra-Wide Operating Temperature"
Adv. Mater. 35 [23] 2209728 (2023).

5 C Hanmandlu, R Paste, HH Tsai, SNS Yadav, KW Lai, YY Wang, CS Gantepogu, CH Hou, JJ Shyue, Y] Lu,
TD Jadhav, JM Liao, HH Chou, HW Wong, T) Yen, CS Lai, D Ghosh, S Tretiak, H) Yen* and CW Chu* "3D
Nanographene Precursor Suppress Interfacial Recombination in PEDOT:PSS Based Perovskite Solar Cells"
Nano Energy 107 108136 (2023).

Validated Analysis of Component Distribution Inside Perovskite Solar Cells
and Its Utility in Unveiling Factors of Device Performance and Degradation

Cheng-Hung Hou, Shu-Han Hung, Li-Ji Jhang, Keh-Jiunh Chou, Yu-Kai Hu, Pi-Tai Chou, Wei-Fang Su,

Feng-Yu Tsai, Jay Shieh, and Jing-Jong Shyue*
Academic Sinica, Research Center for Applied Sciences
ACS Applied Materials & Interfaces 12 [20] 22730-22740 (2020) DOI:10.1021/acsami.9b22492

Time-of-flight secondary-ion mass spectrometry (ToF-SIMS)
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has been used for gaining insights into perovskite solar cells (PSCs). — —

-
. . o Preferentt Solvent-Engineered (solid line)
However, the importance of selecting ion beam parameters to o D |055§ MAPBl, s

eliminate artifacts in the resulting depth profile is often overlooked. ¢ sputicring
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the PSC structure. On the other hand, polyatomic Cy," and Ar* ed el
ion beams were found to be able to produce depth profiles that B
properly reflect the distribution of the components. Based on this

validated method, differences in component distribution, depending on the fabrication processes, were identified and
discussed. The solvent engineering process yielded a homogeneous film with higher device performance, but sequential
deposition led to a perovskite layer sandwiched by methylammonium-deficient layers that impeded the performance.
For device degradation, it was found that most components remained intact at their original position except for iodide.
This result unambiguously indicated that iodide diffusion was one of the key factors governing the device lifetime. With
the validated parameters provided, ToF-SIMS was demonstrated as a powerful tool to unveil the structure variation amid

device performance and during degradation, which are crucial for the future development of PSCs.

Adsorption of Drug Guest Molecules in Metal-Organic Frameworks Studied
by Quartz Crystal Microbalance with Dissipation (QCM-D)

Wen-Yi Yu and Jing-Jong Shyue*

Academic Sinica, Research Center for Applied Sciences

(a\[ -

Guest molecules absorption and desorption processes in the | =
aqueous phase were examined by QCM-D, and Acetaminophen, £
Caffeine and Aspirin were chosen for this study. The preparation
of UiO-66-coated quartz crystal chip was via the spin-coating
method. It was found that the absorption process was repeatable
and reproducible. Furthermore, the degree of absorption varied by
the guest molecule, and in descending order were aspirin, caffeine,
acetaminophen due to electric charge, polarity and TI-TT stacking
interaction.

In order to study the effect of environment on guest uptake
in MOF, the absorption and desorption processes were observed
under different pHs. As pH value went down, the absorption of
acetaminophen decreased due to the failure to form hydrogen bond with UiO-66 which was surrounded by more
protons at lower pH. However, the caffeine absorption slightly increased, owing to the enhance of the electrostatic
interaction caused by the increase of UiO-66 zeta potential at lower pH. For aspirin, the absorption first raised and
then descended at pH 3. The increase resulted from the zeta potential of uio-66 as well, while the decrease was caused
by dissociated aspirin molecules getting back protons at lower pH. It led to molecular become neutral, and reduce the
electrostatic interaction.

The drug absorption and desorption kinetics was also investigated, and the result showed that non-linear pseudo
first order kinetic model was the most suitable one. There was good correlation between models and experiment
data. Moreover, the interaction between MOF and guest would have an effect on absorption and desorption kinetics.
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Application of statistical clustering to diagnose sub-zone activities in
potential deep-seated landslide sites

RERBASIERBEL (1998) Pi-Wen Tsai, Chih-Yu Kuo', Rou-Fei Chen

'Academic Sinica, Research Center for Applied Sciences

Multi-Temporal Interferometric Synthetic Radar
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(MTINSAR) is a remote sensing technology, which can
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cykuoO6@gate.sinica.edu.tw S provide high accuracy and wide coverage of transient .
surface deformation through analyzing a sequence of E )
radar interferograms. It has been applied to hazard " -
A mitigation planning for potential deep-seated landslides ™= = & == = = w
BEAGN and long-term monitoring of the slope activities in iz it i s s s e
Taiwan. In this study, a Gaussian mixture model is 3 TR £
BEBHELTHERNABNE - L AMHERENE - AR EBEEL AR - ARtE proposed to perform statistical clustering for the VE“: b e st g W
HELIZ IR E ST AR EESLEEMMANEHEAF - FFEITREERBRETEERI surface deformation data points, associated clusters are E 0 C-m;" cw‘arh ° E
BiE+EG - defined to connect multitemporal deformation clusters, o T - 2
and the time series of the deformation clusters can be w )
’%B’rﬁ:lzlaaﬁﬁé'f Eﬁjiﬁf&ﬁﬂ%fﬁﬁhﬁf gﬂ#f%ﬁ*liﬁﬁk?“‘«fgih (MﬂhSAR) ?51%5 composed. These techniques enable investigations on C. ;’ b
Bt AR R ERRE ST EIESIE - B AEZHACERARITEIE EEINEFEERE &K the relations among the time series of the deformation R e S
TR E L R BA R LRGSR S o clusters, precipitations or other influential factors of o il me aken fiam rocorde of Meshan rainl staion. Other <antion
the landslide activities. The results indicate that the =~ “®emeeereeredtones
BETEHEFE ISR KE - BIPRKE - LRI KEEMETEMETSE method can be further deployed for wider deep-seated
%Ei‘k@?ﬁu.lﬁﬁiaa * MINSAR B8l 2 #T R it Tk & - 1&&?5%%‘?9:._1_ TTHIERFLE ~ |1 landslide applications.
"‘%EEJJ R NEEATHAME - 15 tiEELARATINERA - €45 Engineering
Geology» ~ «Remote Sensing» ~ «Granular Matters» ~ «Physics of Fluids» ~ «Energy» Application assessments of using scarp boundary-fitted, volume constrained,
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Front. In Earth Sci., 2020, DOI: 10.3389/feart.2020.00211
1’t§ 1’E More than 9,000 potential deep-seated
landslide sites in the mountain ranges of Taiwan =

. C : , . have been identified b ies of tal =
1Y.T. Lai, P. K. Wei, Chih-Yu Kuo, J. Y. Chen (2023) Inference detection and classification of illicit drugs by a ave been identified by a series of governmenta ’ .

smooth minimal surfaces as failure interfaces of deep-seated landslides

Chih-Yu Kuo', P.W. Tsai, Y. C. Tai, Y. H. Chan, R. F. Chen, C. W. Lin

hazard mitigation initiatives after the 2009 Morakot

modest Raman spectrometer with a convolutional neural network analyzer, Sensors Actuators B: Chem. typhoon. Among them, 186 sites have protection i
375,132923. targets where thorough mitigation strategies are to ‘ .
. . . be implemented. One of the important tasks is to
2S. Ale'xa.ndrov, Y.-R. Jeng, Chih-Yu Kl:|0, C.-Y. Chen, (292%). Towards the.theoretlcal/t.experlmental B e e (e ey e (BB | oo sutacs Apm;mmmmndjde
description of the evolution of material properties at frictional interfaces in metal forming processes. quantities of each landslide site. With this number
Trib. Intl.,171,107518. of sites, an automated tool is needed to generate .| . e
- e i i i i i i . : predictions at low operational costs. We propose to - N —
3 Chih-Yu Kuo, S.-E. Lin, R.-F. Chen, Y. J: Hsu, K.-J. Fhang, S.-P. Lee, R.-Y. Wu, C.-W. Lln_and Y-H. Chan (202?). use volume-constrained smooth minimal surfaces  ;*// v i Lem . § - \ i
Occurrences of Deep-Seated Creeping Landslides in Accordance with Hydrological Water Storage in to approximate the landslide failure interfaces. A r © ] A \»
Catchments. Front. in Earth Sci., 9, doi:10.3389/feart.2021.743669. volume-constrained smooth minimal surface in Tieon . \°‘:,." |
. . . . N . the current context is defined as a differentiable =, . L I .
4 Chih-Yu Kuo, P.-W..Tsal, Y.-C. Tai, Y.-H. Cha.n, R.-F. Chen, C.-V'V..Lln (2020). Appllcat.lon agsessments of using surface that encloses a given landslide volume with ... ..o
scarp boundary-fitted, volume constrained, smooth minimal surfaces as failure interfaces of deep- the minimal surface area. Although the stratigraphy landslides. Three selected normalized assessment indices versus scarp foundness.
seated landslides. Front. in Earth Sci., 8, doi:10.3389/feart.2020.00211 and geological structures are omitted, the smooth Thesilr:(ijl:ﬁ&a;l;Z?a?ézng;rc%:q?g?itr:;n{h?szgiigz anﬂeéiIT;."fJ'n‘Llliildsi!r”,fé,”m'

minimal surface method is verified with 24 known
landslides and is shown to be able to generate acceptable, approximated failure interfaces. A collection of
assessment indices is employed to measure the fitness of the predictions
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5Y. C. Chung, C.-W. Wu, Chih-Yu Kuo, S. S. Hsiau, (2019). A rapid granular chute avalanche impinging on a
small fixed obstacle: DEM modeling, experimental validation and exploration of granular stress. Appl.
Math. Model., 70, 540-568.
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Tung, Y.-C.; Wang, C.-K;; Lin, S.; Chu, L.-A,; Tseng, F.-G.; Hsueh, Y.-P,, Lee, C.-H.; Chen, P.; Chen, B.-C.* "Rapid
lightsheet fluorescence imaging of whole Drosophila brains at nanoscale resolution by potassium
acrylate-based expansion microscopy", Nature Communications, 15, 10911 DOI:10.1038/s41467-024-
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microscopy for clarified tissue" Nature Communications, 10,4762, DOI: 10.1038/s41467-019-12715-3 (2019)
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Chang, S.-W,; Chen, P. * and Chen, B.-C.*, “Lightsheet localization microscopy enables fast, large-scale, and
three-dimensional super-resolution imaging.” Communications Biology, 2, 177 DOI:10.1038/s42003-019-
0403-9 (2019)

Rapid lightsheet fluorescence imaging of whole Drosophila brains at
nanoscale resolution by potassium acrylate-based expansion microscopy

Tian, X.; Lin, T.-Y., L; Lin, P.-T., Tsai; M.-)., Chen, H.; Chen, W.-).; Lee, C.-M.; Tu, C.-H.; Hsu, J.-C.; Hsieh, T.-H.;

Tung, Y.-C.; Wang, C.-K,; Lin, S.; Chu, L.-A.; Tseng, F.-G.; Hsueh, Y.-P., Lee, C.-H.; Chen, P.; Chen, B.-C.*

Academic Sinica, Research Center for Applied Sciences
Nature Communications, 15, 10911
DOI:10.1038/541467-024-55305-8 (2024)

To extend the resolution of optical
microscopy towards that achievable by
electron microscopy, whilst allowing
colorful visualization of tissues in 3D,
we have developed a potassium (poly)
acrylate-based expansion microscopy
(ExM) platform with an axicon-based
Bessel lightsheet microscope equipped
with long-working distance objectives
and long travelling distance voice-coil
stages. The good mechanical strength
of our hydrogels could be mounted and
translated in 3D for sample scanning via
lightsheet imaging, resulting in a 40x
plus increased resolution

Optogenetic Manipulation of Cell Migration with High Spatiotemporal
Resolution Using Lattice Lightsheet Microscopy

Tang, W.-C,; Liu, Y.-T,; Yeh, C.-H,; Lin, Y.-L., Lin, Y.-C.; Hsu, T.-L.; Gao, L.; Chen, P.*, and Chen, B.-C.*

Academic Sinica, Research Center for Applied Sciences
Communications Biology, 5, 879
DOI:10.1038/s42003-022-03835-6 (2022)

Integration of the stimulation
light source into lattice lightsheet
microscopy allows us to conduct
optogenetic experiment with
precisely three-dimensional
activation for a long time with no
noticeable phototoxicity. We also
show that the membrane ruffling
with EGFR-CRY2olig-mApplex3 can
be triggered at different locations
within the same cell sequentially
with subcellular resolution, where
the activated cell can recover
after 30 minutes for next stimulation. We can continuously guide the cell migration for up
to 6 hours, where 463 imaging volumes are collected, without noticeable damage to the
cell. In summary, the 3D activation capability of our approach opens the opportunity for
optogenetic activation of single cells in small animal models.
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2 Ruan, T, Fu, C. Y., Lin, C. H,, Chou, K. C, Lin, Y. J.* Nanocontroller-mediated dissolving hydrogel that can
sustainably release cold-mimetic menthol to induce adipocyte browning for treating obesity and its
related metabolic disorders. Biomaterials 2023, 297,122120.

3 Wuy, C.Y,, Mac, C. H,, Yang, T. H., Nguyen, K, Lo, S. K., Chang, Y., Lai, P. L., Sung, H. W.%, Lin, Y. J.* Nanoscale
photocatalytic hydrogen production system mitigates inflammation by harnessing glycolysis waste.
Chemical Engineering Journal 2023, 476, 146614.

4 Chou, C.W., Chia, W.T., Mac, C. H., Wu, C. Y., Chen, C. C,,Song, H. L., Lin, Y. H,, Lin, Y. }.*, Sung, H. W.* Selective
accumulation of ionic nanocrystal H2 storage system as an in situ H2/boric acid nanogenerator fights
against ethanol-induced gastric ulcers. Chemical Engineering Journal 2023, 463, 142373.

5 Nguyen, N, Lin, Z. H., Barman, S. R. Korupalli, C., Cheng, J. Y., Song, N. X., Chang, Y., Mi, F. L., Song, H. L., Sung, H.
W Lin, Y. ].* Engineering an integrated electroactive dressing to accelerate wound healing and monitor
noninvasively progress of healing. Nano Energy 2022, 99, 107393.

Immunomodulatory Prodrug Micelles Imitate Mild Heat Effects to Reshape
Tumor Microenvironment for Enhanced Cancer Inmunotherapy

Thi-Lan-Huong Ngo, Kuan-Lin Wang, Wen-Yu Pan, Ting Ruan* and Yu-Jung Lin*

Research Center for Applied Sciences, Academia Sinica
ACS Nano 2024, 18, 5632-5646.

This study employs capsaicin to chemically stimulate TRPV1, imitating immunomodulatory
benefits akin to those induced by mild heat. This involves developing a glutathione (GSH)-
responsive immunomodulatory prodrug micelle system to deliver capsaicin and an immune
checkpoint inhibitor (BMS202) concurrently. Within
the GSH-rich tumor microenvironment (TME), e s immunamodui Frdtg Moo
the micelles disintegrate and release capsaicin
and BMS202. The released capsaicin activates
TRPV1 expressed in the TME, enhancing PD-L1
expression on tumor cell surfaces and promoting
T cell recruitment into the TME, rendering it more
immunologically active. Meanwhile, the liberated
BMS202 blocks immune checkpoints on tumor
cells and T cells, activating the recruited T cells and
ultimately eradicating the tumors. This innovative
strategy represents a comprehensive approach
to fine-tune the TME, significantly amplifying the
effectiveness of cancer immunotherapy.

Nanocontroller-Mediated Dissolving Hydrogel that Can Sustainably Release
Cold-Mimetic Menthol to Induce Adipocyte Browning for Treating Obesity
and Its Related Metabolic Disorders

Ting Ruan, Chih-Yu Fu, Chih-Hung Lin, Kun-Chi Chou, and Yu-Jung Lin*

Research Center for Applied Sciences, Academia Sinica
Biomaterials 2023, 297, 122120.

An injectable hydrogel is developed to sustainably deliver cold-mimetic menthol for adipocyte
browning. It contains carboxymethyl chitosan and aldehyde-functionalized alginate crosslinked with
dynamic Schiff-base linkages, loaded with menthol-cyclodextrin inclusion complexes. Amino acid-loaded
liposomes, functioning as nanocontrollers, are
grafted onto the hydrogel to make it soluble after -
the payload release. When injected into obese
mice, the hydrogel gradually releases menthol to

it o Medi
Dissolving Hydrogel that Contained IC

induce adipocyte browning and increase energy & - .ﬁ ritw
expenditure. The hydrogel networks expand, .=z, ” A !‘35! @ \H{

triggering the grafted liposomes to release
amino acids that dissolve the hydrogel. This
nanocontroller-mediated dissolving hydrogel is
effective for treating obesity and related metabolic e B !
disorders without leaving exogenous hydrogel N C— s sovo-vecy G OV
materials inside the body, and thereby preventing ’
any undesired adverse effects.
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PPG signal pattern analysis via deduction learning
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Diabetes mellitus (DM) is a chronic - o L O -
condition of abnormally elevated blood =~ =~ =« == -
glucose level (BGL), which leads to various i B i)
complications. Currently, reliable BGL "/ =i
measurement utilize invasive methods. NN .

In this work, an attempt of noninvasive -
blood glucose (NIBG) prediction via correlating .
photoplethysmo-graphy (PPG) to BGL using
deduction learning (DL) was developed. Unlike
the traditional induction learning (IL), DL has
rules based on our domain knowledge being :?:x}(:fm;
imposed in the model to guide the learning.
For PPG based NIBG, the rule imposed is the
assumption of the relation between predicted
BGL with its precede BGL, and also the
measured PPG signals.
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Using DL, we successfully trained our model with only a dozen of rounds (1

-0 st Y 12) of training data, and gave good predictions on BGL for rounds 13 - 15.
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Reliable Cuffless Blood Pressure Measurements with 9-mins Personal PPG
data and Mixed Deduction Learning

Bitewulign K. Mekonnen, Wei-Ru Lu, Tung-Han Hsieh, Justin Chu, Fu-Liang Yang

Research Center for Applied Sciences, Academia Sinica
(Scientific Reports 14, 23722 (2024))

Cuffless blood pressure (BP)
measurements have long been anticipated. In
this work, we developed the Mixed Deduction
Learning (MDL) model that only requires
9-mins of personal PPG data and mixed with
other PPG data collected from our recruited | | = | o
subjects for training, to attend a 30-plus
days of reliable BP prediction without further
calibrations. Given our consideration of real-
life usage, this technology can be seamlessly
translated to commercial applications.
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Comparison between Mixed Deduction Learning (MDL), Personalized

Deduction Learning (PDL), and traditional Personalized Induction Learning
(PIL) and Mixed Induction Learning (MIL). We have demonstrated that

55 . . 5 MDL attained the best performance and can meet grade A for diastolic
O H %'?.l =15 1 e and grade B for systolic BP predictions, for BHS, IEEE 1708-2014, and AAMI
s o || s - umon standards.
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Multiple Pesticides Detection by Integrating Synthetic Peptides and Gold
Nanoparticles
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In this study, we attempt to develop a detection
@ 02-2787-3147 system by integrating self-synthesized peptides and gold Laser \ }& i Enhancement
nanoparticles (AuNPs) that is time-saving and enhances 532nm R of signal
T oy specificity as well as a simple technique. Principally, the - S i N
@ shuy|h5|eh@sm|ca.edu.tw surface-enhanced Raman scattering (SERS) technique -4 %’ - P
is applied for pesticide detection, herein, AuNPs can be 1&5, S
used as SERS substrate due to its roughened surfaces Qé} %} - Pesticide
induces Raman signal enhancement. In addition, Pentide ~- Specific peptide
oligopeptide sequences CGGGRKRIRRMMPRPS (Cys-P1) modiﬁc,ﬁon 5 Gold Nanocube

and CGGGRNRHTHLRTRPR (Cys-P2) were found for specific
binding with thiacloprid and imidacloprid, respectively, i rooE
whereas the CGGG fragment helps to bind with AuNPs el
forming peptides-modified AuNPs. Therefore, Raman
signal from the captured pesticides is enhanced, and
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Rink amide resin was used for Fmoc solid phase peptide i | -
synthesis. The purity of Cys-P1-CONH, and Cys-P2-CONH,
was estimated to be about 90% and 92% by reverse phase ™
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HPLC (RP-HPLC). Together, Matrix-assisted laser desorption/ |-

ionization-time of flight (MALDI-TOF) mass spectrometry
(MS) analysis shows the m/z value of Cys-P1-CONH, to be
1857.14 and 1858.13; Cys-P2-CONH, to be 1873.27 and 1874.26
which contained cis-Proline and trans- Proline isomers in

Cys-P2

MALDI-TOF/MS spectra of oligopeptide RP-HPLC analysis of oligopeptide

sequence. In future work, we will continuously optimize the
peptide-pesticides binding conditions in SERS analysis.
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the various AuNPs including AuNCs, Au@Pd NCs, AuNRs, S
and Au@Ag NRs and provide it to research. Furthermore, by
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Gold nanoparticles (NPs) have been used in a variety L
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A-LLTO Nanoparticles Embedded Composite Solid Polymer Electrolyte for
Room Temperature Operational Li-metal Batteries
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Solid-state batteries (SSBs) are poised to
revolutionize energy storage, particularly for electric
vehicles and next-generation electronics. While lithium-
ion batteries (LIBs) dominate today’s market, future
energy demands call for safer, more reliable alternatives.
This study introduces a novel solid-state electrolyte
composed of a self-healing composite solid polymer
electrolyte (CSPE) matrix with aluminum-doped (Lig.3sLa
0-56)1-005 1 10-00Al0.0103 (A-LLTO) nanofillers. The optimized
CSPE (CAL-10%) achieves a room-temperature ionic
conductivity of 1.1x 10° S cm’, facilitated by a percolation
network formed by uniformly dispersed A-LLTO
nanofillers, enhancing Li* ion transport. A LiFePO, || CAL-
10% || Li CR-2032 cell delivers an initial discharge capacity
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of =165 mAh g at 0.1C for 120 cycles with 98.85% coulombic efficiency, demonstrating excellent
electrochemical performance. These findings highlight the potential of CSPE-based electrolytes
to advance SSB technology for high-performance energy storage applications.

lon mitigation and strain regulation with 2D Semi-Metals for MA-Based
perovskite materials in highly efficient solar cells

Chintam Hanmandlu, Soumallya Banerjee, Abhishek Kumar, Zeeshan Alam Ansari, Ramesh Kumar, Yen-Yu Wang ,
Lin- Chyn Yuan, Shenghan Li, Raman Sanker, Chandra Shekar Gantepogu, You-Yun Wen, Shyam Narayan Singh Yadav,
Sumangaladevi Koodathil, Po-Yu-Yang, Chun-Wei Pao, Yu-Jung Lu, Jing-Jong Shyue , Chao-Sung Lai, and ChihWei Chu

Academic Sinica, Research Center for Applied Sciences
Chemical Engineering Journal, 2025, DOI: 10.1016/j.cej.2024.158070

Achieving high efficiency and stability is crucial for
commercializing perovskite solar cells (PSCs). Addressing
recombination and voltage losses, particularly at the perovskite/
hole-transport layer interface, remains a key challenge. This
study introduces a simple surface modification strategy using
2D semi-metallic nanoparticles of NbSe, and NbS, to passivate
surface defects. Their divalent anions (Se” and S*) form strong
coordination bonds, reducing trap densities and extending
charge carrier lifetime. Additionally, hydrogen bond-like

interactions with organic cations enhance film stability. PSCs -+
incorporating NbSe, NP passivation achieved an efficiency of ..{*,
23.03%, an open-circuit voltage (Voc) of 114 V, and a fill factor .. .
exceeding 84%, with significantly improved stability. This work .
demonstrates an effective inorganic passivation strategy for i = i~ s T e

high-performance PSCs, advancing their commercial viability.
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In this work, we trained an artificial neural
network (ANN) potential energy model of the
MA FA, Pb(Br,l,,); complex perovskite material
and investigated the microstructure over the
composition space using extensive Monte
Carlo simulations. We sampled around 8.1x10°
structures of different site permutations and
compositions, identified low energy structures
and mapped the structural properties - the
mixing energy, SRO parameters, and lattice
distortion - over the composition space.
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Subsequent Pearson correlation ana|ySiS Extensive Monte Carlo samplings allows mapping of structural properties

revealed the process-structure-property
relationship of complex perovskite materials,
indicating that the composition lowering the
lattice distortion would yield better efficiency
because of formation of single solid solution
phase.
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High fidelity of the ANN model to DFT calculations

Multiscale Simulation of Microstructure of Ultra-elastic Complex Alloy

Nature 602, 251(2022) and Nature Comminications 15, 6782 (2024)

In this work, we collaborated with our
experimental collaborators in Hong Kong and decoded
the atomistic structure of Ni,;Co,(HfTiZr),, chemically
complex alloy using extensive DFT calculations. DFT
calculation revealed the judicious chemical ordering at
atomic scale helps retain the material stability while
undergoing a 11% of atomic size mismatch, which was
also confirmed by STEM-EDS experiments. Extensive
DFT calculations indicate that each constituent
elements is subjected to ~9% of distortion - several
times more severe than other high entropy alloys, and
is the primary factor leading to the ultraelasticity and
Elinvar effect of this extraordinary alloy. A machine
learning energy model for large-scale molecular
simulation has been trained to further examine
its exceptional plastic deformation properties,
and we discovered the temperature-dependent
microstructure upon loading beyond elastic limit.
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Extensive DFT calculations reveal the structural stability
and lattice distortion of complex alloy

Plastic deformation from MLMD simulations (Nature Comm, 2024)
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Visualizing the “Hidden” Triplet-Triplet Fusion Process to Fluorescence in
Typical Organic/Polymer Light-Emitting Diodes

Yulin Lin, Shi-Hong Luo, Chih-Ting Li, and Tzung-Fang Guo

Research Center for Applied Sciences, Research Center for Critical Issues, Academia Sinica
Department of Photonics and Advanced Optoelectronic Technology Center, National Cheng Kung University

Adv. Optical Mater. 13, 2402122 (2025)
M

Fluorescence emission of a typical poly(9,9-
dialkylfluorene) derivative (PF GreenB)-based
polymer light-emitting diodes (PLEDs) clearly
demonstrates that it partially involves the

(a) @ + . recombination (b)

l ISC By

PP w o PP
l RISC (Byy)

Fingerprint of MEL curves

contribution of triplet excitons by the triplet- S / \
triplet fusion (TTF) process through measuring the l [
magneto electroluminescence (MEL) responses S S oo - o

of devices at different bias conditions and

temperatures. The TTF process to fluorescence Figure 1. (a) The evolution channel and microscopic
intrinsically correlates with the concentration, life-  processes of ISC(BHFI), RISC(BHFI), SF, and TTF occurred in
time, and poIaron quenching of triplet excitons, PF Green B-based devices. (b) Fingerprint MEL curves for
as modulated by different bias regimes and HFl and TTF processes.

conditions. The results in this work unveil the

“hidden” component of fluorescence emission,

which originates from the fusion of triplet

excitons to singlet excitons in typical PLEDs. The

results elucidate that TTF of triplet excitons

to fluorescence emission can be a practicable

mechanism that contributes to enhancing the

performance of devices.

Figure 2. lllustrate the fitting results (a) based on the
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3@ ]\igrmalized MEL_ | normalized MEL response measured at 295 K and 5 mA
fiting g E = with respect to TTF and HFl intensities. (b) Display the
7 20 982 intensity curves of the current-dependent TTF and HFI
06 § processes (Parameters T and H) at room-temperature. (c)
E 04 &  Show the intensity curves of the temperature-dependent
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fingerprint responses dominated by the TTF process can be fitted
using a combination of Lorentzian and non-Lorentzian functions,
where defines the saturation fields of the TTF process at low and
high magnetic fieldsas parameters B10 (248.53 Oe) and B20 (662.71
Oe), respectively. Similarly, B30 (27 Oe) represents the saturation
field of the HFI process. The parameters T and H represent the
intensity of the TTF and HFI processes, respectively.
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Applied Materials & Interfaces, 2021/01, 11(01), 1152-1157.

4 M. C. Chou, C. Y. Lin, B. L. Lin, C. H. Wang, S. H. Chang, W. C. Lai, K. Y. Lai, and Y. C. Chang*, “Polarization-
Selecting llI-Nitride Elliptical Nanorod Light-Emitting Diodes Fabricated with Nanospherical-Lens
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with an AlGaN/GaN High-Electron-Mobility Transistor

Quantifying the Plasmonic Generation Rate of Non-Thermal Hot Carriers

Chun-Yu Li, Chi-Ching Liu, Wei-Chih Lai, Yung-Chiang Lan*, and Yun-Chorng Chang*

Academic Sinica, Research Center for Applied Sciences
Advanced Sciences, 2021, DOI: 10.1002/advs.202100362

Plasmonic generation of hot carriers in metallic
nanostructures has attracted much attention due to
its great potential in several applications. However, it is
highly debated whether the enhancement is due to the
hot carriers or the thermal effect. Here, the ability to
exclude the thermal effect and detect the generation
of non-thermal hot carriers by surface plasmon is
demonstrated using an AlGaN/GaN high-electron-
mobility transistor. This ultrasensitive platform, which
demonstrates at least two orders of magnitude more
sensitivity compared to the previous reports, can detect
the hot carriers generated from discrete nanostructures
illuminated by a continuous wave light. The quantitative
measurements of hot carrier generation also open a
new way to optimize the plasmonic nanoantenna design
in many applications.
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Schematical illustration of hot-electron generation
and injection into the 2DEG of an AlGaN HEMT device

Nonlinear Two-photon Pumped Vortex Lasing Based on Quasi-Bound States
in the Continuum from Perovskite Metasurface

Chi-Ching Liu, Hui-Hsin Hsiao and Yun-Chorng Chang*

Academic Sinica, Research Center for Applied Sciences
Science Advances, 2023, DOI: 10.1126/sciadv.adf6649

The experimental observation of nonlinear
two-photon pumped vortex lasing from perovskite QBIC Vortex lasing
metasurfaces is demonstrated for the first time. The
vortex lasing beam is based on symmetry-protected
quasi-bound states in the continuum (QBIC). The
topological charge is estimated to be +1according to the
simulation result. The quality factor and lasing threshold
is around 1100 and 4.28 m)/cm’, respectively. Theoretical
analysis reveals that the QBIC mode originates from
the magnetic dipole mode. The lasing wavelength can
be experimentally designed within a broad spectral
range by changing the diameter and periodicity of the
metasurface. The finite array size effect of QBIC can
affect the quality factor of the lasing and be used to
modulate the lasing. Results shown in this study can lead
to more complex vortex beam lasing from a single chip
and new ways to obtain ultrafast modulation of the QBIC
lasing via finite array size effect.
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Schematical illustration of two-photon
pumped vortex lasing based on QBIC
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Chi-Huang Chuang, Pei-Hao Kang, Chao-Cheng Kaun, and Yuh-Jen Cheng
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Electrocatalyst with high catalytic
R activity are crucial for converting renewable _ 'EI_AH 7
@ 02-2787-3186 electricity to storable hydrogen fuel. Noble- N%Oﬁ)z ¥ [y308 Opamorad T\

metal-based materials, e.g. Pt, IrO,, RuO,, has
been the well known highly efficient catalysts.
This work focuses on developing noble metal

@ yjcheng@sinica.edu.tw
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2H,042¢  4OH-

Cathode Anode
free electrocatalysts for oxygen and hydrogen :
1@ A Fgl\ evolution reaction (OER and HER). This study  ,, 150 »
J1 has developed a HER eletrocatalyst consisting .5 Z N

. _ . of transition metal composition NiOx-Cr,0,/ = -0 Cr-AH, 21001 T s

EEABRI=PRAFEITERFEMEROCHEINES  EEAGRBEAMERESHLTEN - Ni, showing high activity comparable with Pt/ §i§§ oo AN, o, E
b YA oL B 3 & (AR - EHRB AR I RRILMFERER ~ Il ikE b LED FES - &IEAW C with low overpotential of -27, and -103, mV =13 e 1 5
R MBI RMAERMY - RAEIEKS BEINE IR at current density of -10, -100 mA cm” The = aoob—-—— L L1 o Tmmm—=—_ |

. high activity is attributed to the synergetic C vwemwe © PolentallV vs.RHE)
Hﬂﬂ']ﬁﬁ%%'?rﬁﬂlﬁl —E .-ﬁﬁﬂﬁkﬁ j'é EE#F l’/(&ﬂ(ﬁﬁqﬂ’] 1&“.’:%11% effect between NiOX/Ni and Cr203 in breaking

N . S| 325 EEh fop oy | &k Al OH-H bond and forming sites with low H* adsorption energy to promote H* to H, evolution. This

;@'ggg_ﬁm%:%%\ﬁﬂ ﬁE,.‘iJ:H’]E¥§Eﬁﬁ*1‘§ gﬁﬁlﬂ'h'c}irﬁl«l?jiﬁﬁﬂ'] S T {RR 3 study also developed an ultrasonic deposition to fabricate a NiFe OER electrocatalyst. Ultrasound
£ EEE}ZF’F%RE“%Eﬁit%gﬁ#mﬁﬁu;"‘ﬁﬂ 15:5:‘55’] BRARER &E SR SRR - irradiation in solution increases mixing, dispersion, and reaction, resulting in a well-mixed
AR RERAHELERERN - BAXEE SEHEEHEIE - Eﬁ%%ﬁ—ﬁk%ﬂﬁﬂlﬁ"ﬁ‘l‘i flAIHT 5L amorphous catalyst with hightly dispersed active sites. Combining hydrothermal and ultrasonic
Rt 7T ZHEM R ERES > R TAUERERSESIETHERFEZIENERESY > AXKE deposition, this work demonstrated a OER electrocatalyst with low overpotential of 220 mV at 10
FEREARTTER - mA cm” current density.
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ACS Appl. Nano Mater. 2021, doi.org/10.1021/acsanm.1c00469

2D transition metal dichalcogenide (TMDC) Srouth
1‘t§ 1’E semiconductor is an emerging material with great r?'_
potential in novel device applications. The epitaxy of

1 Pei-Xuan Long, Yung-Yu Lai, Pei-Hao Kang, Chi-Huang Chuang and Yuh-Jen Cheng?*, "High 2D crystal is challenging due to the weak van der Waals - L
photoresponsivity MoS, phototransistor through enhanced hole trapping HfO, gate dielectric", interaction with substrate, often resulting in random g fff
Nanotechnology 35, 025204 (2024). nucleation orientation and grain boundaries. Crystal ;

growth is critically decided from nucleation. This studies
the mechanism of 2D material nucleation ona3D © =
material substrate and the conditions to obtain aligned

2 Chi-Huang Chuang, Pei-Hao Kang, Yung-Yu Lai, Cheng-Hung Hou, Wei-Che Tseng, Yan-Jia Huang, Mu-
Huai Fang, Jing-Jong Shyue, Chao-Cheng Kaun, and Yuh-Jen Cheng?*, “Highly Active NiO-Ni(OH)*Cr,0,/

Ni Hydrogen Evolution Electrocatalyst through Synergistic Reaction Kinetics”, ChemSusChem 2023, : . . -
£202300820. nuclei. Nucleation involves reactions not only among T
precursors but also with substrate surface that are full = :
3 Chi-Huang Chuang, Pei-Hao Kang, Yung-Yu Lai, Cheng-Hung Hou, and Yuh-Jen Cheng*, “Junction of unbounded dangling bonds. Proper intermediate gw: Tt et
Engineering in Si Photoanode for Efficient Photoelectrochemical Water Splitting,” ACS Appl. Energy steps can lead to a final 2D crystal nucleation with E:Z: ok luvy TR, ]
Mater. 2022, 5,7, 8483-8491 (2022). orientation guided by substrate lattice. This work also ~ “wl
4 Yung-Yu Lai, Chi-Huang Chuang, Yen-Wei Yeh, Cheng-Hung Hou, Shih-Chieh Hsu, Yi Chou, Yi-Chia Chou, stud.ies the devic'e applicatigns of 2D ma'terials. Chgr.ge =
Hao-Chung Kuo, YewChung Sermon Wu, and Yuh-Jen Cheng?*, “Substrate Lattice Guided MoS, Crystal eelaislrsin atomlc.lay‘er thickness IR highly sensitive ' '
Growth: Implications for van der Waals epitaxy”, ACS Appl. Nano Mater. 4, 49304938 (2021). to external electric field modulation yet protected by dangling bond free surface. This study

demonstrated a field effect phototransistor with very large photoresponsivity of 11x 10" A W™ at

5 Yung-Yu Lai, Yen-Wei Yeh, An-Jye Tzou, Yi-Yuan Chen, YewChung Sermon Wu, Yuh-Jen Cheng*, and Hao- low illumination intensity.

Chung Kuo*, “Dependence of Photoresponsivity and On/Off Ratio on Quantum Dot Density in Quantum
Dot Sensitized MoS, Photodetector”, Nanomaterials 2020, 10, 1828.
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With a growing demand for detecting light at
the single-photon level in various fields, researchers
are focused on optimizing the performance of
superconducting single-photon detectors (SSPDs)
by using multiple approaches. However, input light
coupling for visible light has remained a challenge in
the development of efficient SSPDs. To overcome these
limitations, we developed a novel system that integrates
NbN superconducting microwire photon detectors
(SMPDs) with gap-plasmon resonators to improve the
photon detection efficiency to 98% while preserving
all detector performance features, such as polarization
insensitivity. The optimized detection efficiency can be
attributed to the gap plasmon mode that enhances the
light-matter interaction, leading to the efficient disruption of Cooper pairs and the consequent breakdown
of the superconducting state. These findings open new opportunities for ultrasensitive single-photon
detection in areas like quantum information processing, quantum optics, imaging, and sensing at visible
wavelengths.
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Enhancing Photogating Gain in Scalable MoS, Plasmonic Photodetectors via
Resonant Plasmonic Metasurfaces

Wei-Ren Syong, Jui-Han Fu, Yu-Hsin Kuo, Yu-Cheng Chu, Mariam Hakami, Tzu-Yu Peng, Jason Lynch,

Deep Jariwala, Vincent Tung, and Yu-jung Lu*

Research Center for Applied Sciences, Academia Sinica
ACS Nano 18, 5446-5456 (2024)

Absorption of photons in atomically thin materials
has become a challenge in the realization of ultrathin,
high-performance optoelectronics. While numerous
schemes have been used to enhance absorption in 2D
semiconductors, such enhanced device performance in
scalable monolayer photodetectors remains unattained.
Here, we demonstrate wafer-scale integration of

- 5 a 3x10"
monolayer single-crystal MoS, photodetectors with ~ " [=-ikNes:P e [T —
. . o 4 —e—on NRPM PCE) :
a nitride-based resonant plasmonic metasurface to 5 axo= 150 PR
. . P . by 120
achieve a high detectivity of 2.58 x 10" Jones with 2 i .
S 1x10" :
a record-low dark current of 8 pA and long-term &~ o 457
oy . . . R 30 .
stability over 40 days. Considering the compatibility 0 oe? " tee ol .
. . o . . 450 500 550 600 650 700 onHiNfilm onRPM  on NRPM
of 2D semiconductors and hafnium nitride with the Si Wavelength (nm

Overall enhancement fa)ctor >100; long-term stability over 40 days
CMOS process and their scalability across wafer sizes,

our results facilitate the smooth incorporation of 2D
semiconductor-based photodetectors into the fields of imaging, sensing, and optical communication
applications.
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H}J Eﬂ: oo é Pioneering Wet Chemical Synthesis Route for Halide Solid-State Electrolytes
v with In-situ Analyses

SEAZ{Z2mEL (2018)

Josanelle Angela V. Bilo, Saddam Shaikh, and Mu-Huai Fang*
ACS Appl. Mater. Interfaces 2024, 16, 27394-27399.

Solid-state batteries have been pivotal in the
development of energy-storage devices. In the
continuous pursuit of an energy-efficient alternative
to the energy-intensive mechanochemical process,
we developed a modified solution-based synthesis

strategy for synthesizing halide-based solid-state
1@AF§ﬁ electrolytes (SSEs) that potentially warrant both
structural control and commercial scalability. In this
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An-Ting Jhang, Po-Yu Huang, Po-Cheng Tsai, Shih-Yen Lin*, and Mu-Huai Fang*

Adv. Opt. Mater. 2024, 12, 2401252.
Adv. Opt. Mater. 2024, 12, 2302062.

Short-wave infrared (SWIR) photodetectors have

attracted great attention in the fields of artificial

1_%%%1/E intelligence, machine learning, food analysis, biological
detection, etc. However, the cooling requirements and

high production costs of compound semiconductors .
have hindered the practical application of these SWIR - 11,

1 Zhang, Y.-Y.; Lin, M.-Y.; Tsai, Y.-T.; Leung, M.-k.*; Fang, M.-H.* Sustainable Quantum Dot-Vitrimer

Composites: A Synergy of Quantum Dots and Dynamic Covalent Bonds. ChemSusChem 2025, photodetectors. Here, we design a cooling-free room- .=
€202500464. temperature-operable SWIR photodetector by combining | ’111{5[

2 Bilo, ). A.V,; Chang, C.-K.; Chuang, Y.-C.; Fang, M.-H.* Coprecipitation Strategy for Halide-Based Solid-State the SWIR quantum dots (QDs) and graphene field-effect =i
Electrolytes and Atmospheric-Dependent In Situ Analysis. ACS Appl. Mater. Interfaces 2024, 16, 27394 transistors (FETs). The QDs in which the characteristic
27399. absorption peak can be tuned in 900-1700 nm. The

composites that QDs hybrid with the metal-organic
framework (MOF) and halide-based double perovskite

3 Jhang, A.-T,; Tsai, P.-C; Tsai, Y.-T;; Lin, S.-Y.*; Fang, M.-H.* Quantum-Dots-in-Double-Perovskite for High-
Gain Short-Wave Infrared Photodetector. Adv. Opt. Mater. 2024, 12, 2401252.
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(DP) are demonstrated. In QD@MOF, the responsivity e
4 Huang, P-Y.; Zhang, Y.-Y.; Tsai, P.-C.; Chung, R.-J.; Tsai, Y.-T,; Leung, M.-k; Lin, S.-Y.*; Fang, M.-H.* Interfacial and detectivity of the QD@MOF device are 301 A/W and 1.49 x 10" cm HZ"”? W, respectively. The
Engineering of Quantum Dots-Metal-Organic Framework Composite toward Efficient Charge Transport chemical stability is significantly enhanced compared to the non-hybrid one. By contrast, in the
for Short-Wave Infrared Photodetector. Adv. Opt. Mater. 2024, 12, 2302062. QD@DP, the responsivity and detectivity of QD@DP graphene FET are 15000 A/W and 131 x 10"
5 Tsai, Y.-T.; LeSniewski, T.; Majewska, N.; Kaminski, M.; Barzowska, J.; Liu, E.-P.; Chen, W.-T.; Mahlik, S.*; Fang, cm HZW W_1’. respectively, sigljiﬁcantly prompted compared to the non-hybrid device. This research
M.-H.* Pressure/Temperature-Assisted Crystallographic Engineering-A Strategy for Developing the provides insight into developing energy-saving QD-based SWIR photodetectors.

Infrared Phosphors. Chem. Eng. ). 2024, 490, 151596.
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Remarkably Deep Moiré Potential for Intralayer Excitons in MoSe,/MoS,

Twisted Heterobilayers

Bo-Han Lin, Yung-Chun Chao, I-Ta Hsieh, Chih-Piao Chuu, Chien-Ju Lee, Fu-Hsien Chu, Li-Syuan Lu, Wei-

Ting Hsu, Chun-Wei Pao, Chih-Kang Shih, Jung-Jung Su, and Wen-Hao Chang

Academic Sinica, Research Center for Applied Sciences

Department of Electrophysics, National Yang Ming Chiao Tung University

Nano Letters 2023, DOI:10.1021/acs.nanolett.2c04524

A moiré superlattice formed in twisted van der
Waals bilayers can be a new tuning knob for creating
new electronic and excitonic states in 2D materials.
However, quantifying the moiré potential for excitons
is nontrivial. By creating a large ensemble of MoSe,/
MoS, heterobilayers with a systematic variation of
twist angles, we map out the minibands of interlayer
and intralayer excitons as a function of twist angles,
from which we determine the moiré potential for
excitons. Surprisingly, the moiré potential depth for
intralayer excitons is up to ~130 meV, comparable
to that for interlayer excitons. The remarkably deep
intralayer moiré potential is understood within the
framework of structural reconstruction within the
moiré unit cell.
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A. Moiré pattern formed by MoS, and MoSe,
heterobilayer. B. Optical microscope image of stacked
heterobilayers grown by CVD.

C. Refectance spectra of intralayer moiré exciton states.

Exciton-Polariton Valley Hall Effect in Monolayer Semiconductors on

Plasmonic Metasurface

Chien-Ju Lee, Hsin-Che Pan, Fatemeh HadavandMirzaee, Li-Syuan Lu, Fei Cheng, Tsing-Hua Her, Chih-

Kang Shih and Wen-Hao Chang

Research Center for Applied Sciences, Academia Sinica, Taipei 11529, Taiwan
Department of Electrophysics, National Yang Ming Chiao Tung University, Hsinchu 30010, Taiwan

ACS Photonics 2025, DOI: 10.1021/acsphotonics.4c01554

Excitons in monolayer transition metal
dichalcogenides (TMDs) possess the valley
degree of freedom (DOF), which is regarded as a
pseudospin (in addition to charge and spin DOF)
and can be addressed optically by using polarized
light. By placing monolayer TMDs on a plasmonic
metasurface to enable strong coupling between
excitons and surface plasmon polaritons (SPPs),
we report here the observation of valley resolved
polaritons in momentum space and a large
separation in real space. The directional coupling
of valley polaritons originated from the intrinsic
spin-momentum locking associated with SPPs,
resembling a photonic version of the valley Hall
effect for polaritons.

The spatially routed valley polaritons
provide a unique pathway for transporting
and detecting the valley DOF through
circular polarization of light for valleytronic
applications.
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Sustained robust exciton emission in suspended monolayer WSe, within the
low carrier density regime for quantum emitter applications
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2 ). S. Konthoujam, Y-S Lin, Z-Z Chen, C-Y Chang, Y-W Zhang, S-Y Lin, D-H Lien, H-C Kuo, M-H Shih*,
2024, “Electrical control of electroluminescence in 2D semiconductor light emitting device through
synchronous injection of electrons and holes”, Advanced Materials Technologies, 2401743 (2024).

3 Y-H Chang, Y-S Lin, ). S. Konthoujam, H-T Lin, C-Y Chang, Z-Z Chen, Y-W Zhang, S-Y Lin, H-C Kuo, M-H Shih*,
“AC-driven multicolor electroluminescence from a hybrid WSe2 monolayer/AlGalnP quantum well light-
emitting device”, Nanoscale, 15(3), 1347 (2023).

4 H-T Lin, C-Y Chang, C-L Yu, A. B. Lee, S-Y Gu, L-S Lu, Y-W Zhang, S-Y Lin, W-H Chang, S-W Chang, M-H Shih*,
“Boost Lasing Performances of 2D Semiconductor in a Hybrid Tungsten Diselenide Monolayer/Cadmium
Selenide Quantum Dots Microcavity Laser”, Advanced Optical Materials,10,2200799 (2022).

5H-T Lin, Y-Y Hsu, P-) Cheng, W-T Wang, S-W Chang, M-H Shih* “In situ tunable circular dichroism of
flexible chiral metasurfaces composed of plasmonic nanorod trimers”, Nanoscale Advances, 4(11), 2428
(2022).

Zheng-Zhe Chen, Chiao-Yun Chang, Ya-Ting Tsai, Po-Cheng Tsai, Shih-Yen Lin, and Min-Hsiung Shih*

Research Center for Applied Sciences (RCAS), Academic Sinica

APL Materials (2024), DOI: 10.1063/5.0198072

In order to reduce the effect of carrier
trapping and sustain a strong photoluminescence
(PL) emission under low power pumping
conditions, we investigated the influence of
"suspending" a monolayer of tungsten diselenide
(WSe,). Not only PL intensity but also the
photoluminescence quantum yield (PLQY) has
exhibited a huge, order-scale enhancement
through suspending. With its strong excitonic
effect, suspended WSez offers a solution to reduce
carrier trapping. Moreover, in the low-power
range, where SRH recombination dominates,
suspended WSez exhibited a remarkably higher
percentage of excitonic radiation compared
to contacted WSe,. Herein, we quantitatively
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By suspending Wse,, PLQY reveal a dramatic 60 % disparity of carrier recombination

improvement, especially in low power region

tendency changed after suspending

demonstrate the significance of the suspended WSe, monolayer in a low carrier density region,
highlighting its potential for developing compact, low-power quantum emitters in the future.

Electrical Control of Electroluminescence in 2D Semiconductor Light
Emitting Device Through Synchronous Injection of Electrons and Holes

Konthoujam James Singh, Yen-Shou Lin, Zheng-Zhe Chen, Chiao-Yun Chang, Yu-Wei Zhang, Shih-Yen
Lin, Der-Hsien Lien, Hao-Chung Kuo, and Min-Hsiung Shih*

Research Center for Applied Sciences (RCAS), Academic Sinica
Adv. Mater. Technol. (2025), https://doi.org/10.1002/admt.202401743

This study presents a method to enhance charge
carrier injection in transition metal dichalcogenide
(TMDC)-based light-emitting devices driven by
alternating current (AC), utilizing a dual-pulse injection
strategy. The dual-pulse configuration results in a
significant enhancement of electroluminescence
(EL) intensity, achieving approximately a sixfold
increase compared to single-pulse operation. Phase
delay-dependent EL behavior was observed, with
the maximum integrated EL intensity occurring at a
180° phase delay. Furthermore, the dual-pulse device
demonstrated an approximate 3.5-fold improvement in
external EL efficiency (ne) compared to the single-pulse
configuration. These findings underscore the potential
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of controlled carrier recombination in TMDC-based LEDs to advance their performance for applications in display
technologies, solid-state lighting, optical communication, and electrically tunable light sources.
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High-Performance Transistors with Polycrystalline 2D Material Channels:
The Influence of Gold Electrode Crystallinity and the Layer Number of
ST LA A SRS 1 (2004) Molybdenum Disulfide Channels
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C.-J. Chang, P.-Z. Huang, K.-B. Lin, T.-H. Chang, W.-C. Tu, C.-C. Kaun*, and S.-Y. Lin*

Applied Surface Science, 2025, DOI:10.1016/j.apsusc.2025.162795
. 02-2787-3178

Since two Au electrodes of MoS, transistors
are well-separated in the experiment, only one Au
(111)/MoS, and MoS, interface is considered in our

two-probe model (a). The transmission spectra &,
1EAF§ﬁ of Au/MoS, junctions at Vs = 1.0 V show that
the quad-layer Au/MoS, junction has the largest

current and the smallest threshold voltage (b),

@ kauncc@sinica.edu.tw

(a)

MEEMRE  REFEMENMBHAE  HHAERKEFEMTNEMBNFE aligning with our experiment data. The charge
B  ESTESTEREYEEFELEN  TERLtKB(LEREBELE - densities of Au/MoS, junctions at VDS = 1.0 V show
that the number of effective conduction channel
{tﬁﬁﬁ:fﬁ#ﬁ*“ﬂi?ﬁi_,.ﬁijﬂﬁ %ﬁﬁﬁﬂq%%ﬁﬁﬂ @IE%H%FE] E’]3E %i Fﬂﬁé increases as the number of MosS, |ayer increases, (@) Structure of the two-probe model.
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e N ﬁ sk == e | s i | i | h c-f) charge distributions of Au/MoS, junctions at Ve
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. I .
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«Scientific Reportsy 1 «<EAYESEH» WFHE  EHPRAXEHTEZEGERE -
Mk REE S EE BRI ERMAE » IS KE FEMF R EEE hER Dr:iving noncollinear interlayer exchange coupling intrinsically in magnetic
SRR EEE - trilayers

G.-W. Peng, H.-C. Wang, Y.-J. Zhong, C.-C. Kaun*, and C.-H. Chang*

Materials Today Physics, 2024, DOI:10.1016/j.mtphys.2024.101544

1’t§ 1’E Recent experiments demonstrate that
manipulating the width or the nature of

1 C.~J. Chang, P-Z. Huang, K.-B. Lin, T.-H. Chang, W.-C. Tu, C.-C. Kaun*, and S.-Y. Lin*, "High-performance conducting spacer induces noncollinear magnetic
alignment between the side magnetic layers.

transistors with polycrystalline 2D material channels: The influence of gold electrode crystallinity and ) , ,
the layer number of molybdenum disulfide channels", Applied Surface Science 693, 162795 (2025). Of’”’ theoretical a'nal‘y5|s reveals that altgrlng the os |
width of spacer significantly affects the interlayer A
2 V.R. Dharmaraj, A. Sarkar, J.-Y. Huang, S.-C. Huang, C.-L. Kuo*, C.-C. Wu, W.-S. Chang, H.-C. Chen, Y.-P. Lin, C.- exchange coupling (IEC), resulting in noncollinear % °
C. Kaun*, R.-). Chung*, and R.-S. Liu*, "Superionic Quasi-Solid-State Electrolyte for Rechargeable Mg-02 alignment. Through analytic and first-principles % o
Batteries", ACS Materials Letters 7,1440 (2025). methods, our study on the Fe/Ag/Fe trilayer = 06 @@ @’
3 L.T. Ngo, W.--T. Huang, H. Verma, Y.-H. Lin, L.-W. Liang, C.-T. Fang, J.-C. Chang, W.-C. Chu, C. Su*, C.-C. Kaun*, shows that at a specific width of the Ag spacer,
and R.-S. Liu*, "Hybrid-Protected Perovskite Quantum Dot Films with Ultra-High Efficiency and Stability the magnetic moments of side layers tend to ] 0@ @ @ @‘
for LED Backlighting", ACS Applied Materials & Interfaces 16, 66262 (2024). be perpendicular. This alignment is mediated by e
. . v ) ) Ag quantum well states, exhibiting spin spirals ¢ .
4G.-W. Peng, H.-C. Wang, Y.-). Zhong, C.-C. Kaun, a"nd C.-H. Chang?, Driving noncollinear interlayer across the trilayer. Our results reveal that the i otne s mer ™ wit perpondiouiar magneti atgnment.
exchange coupling intrinsically in magnetic trilayers", Materials Today Physics 48,101544 (2024). noncollinear IEC offers a degree of freedom to
5 M. U. Javed, J.-W. Yang, S. Kumari, M. Mustaqgeem, T.-Y. Peng, L. C. Yang, Y.-). Lu*, and C.-C. Kaun*, "Tailoring control magnetic devices and boot spintronic
the plasmonic properties of complex transition metal nitrides: A theoretical and experimental technology with improved transport capabilities.

approach”, Applied Surface Science 641, 158486 (2023).
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Circularly-Polarized Laser Equivalent to Two Phase-Shifted Linearly-
Polarized Sources
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The CP light is conventionally generated by
passing the linearly-polarized (LP) one through
quarter wave plates which are too thick for packed
integrations. In this work, the in-plane submicron
phase shifter substitutes the quarter-wave plate
in the creation of CP light. After the lasing field
of a holed microdisk is coupled into the nearby
waveguide and phase shifter, it is guided into two
grating couplers that output orthogonally LP waves
vertically. The two LP waves are phase-shifted by
Tl/2 and combine into the coherent CP radiation in
the far-field zone. Experimentally, the fabricated
devices exhibit a degree of circular polarization
as high as 74%. This device scheme is simple and
effective in that it relies on no extrinsic materials,
large-area auxiliary structures, or specialized
operation conditions critical for CP radiation.

(@

y-Oriented GC

The schematic of a microdisk
coupled to two linearly-polarized
scatters. The output phases of
two scattered fields are phase-
shifted by segments with
different lengths.

The field profiles on
the planes inside
and on the top of
microdisk.

Spinning Mode with Maximum Chirality in Photonic Crystal Defect Cavity at
Exceptional Point

Chao-Chieh Cheng, Pi-Ju Cheng, Tzu-Wei Huang, Wei-Ting Wang, Jui-Tse Tsai, Min-Hsiung Shih, and

Shu-Wei Chang

Academic Sinica, Research Center for Applied Sciences

Optical modes spinning with maximum The schematic of non-Hermitian but
chirality in cavities at chip level are essential chiral H1 cavity. Some of air holes are
for quantum and biomedical applications. The ~collectively removed or relocated

coalescent chiral mode at the exceptional point
(EP) due to non-hermicity is the one in demand.
In this work, we realize circularly-polarized-like
lasing modes with maximum chirality at the EP
of photonic-crystal one-hole cavities. We adopt
the in-plane tunneling loss that is well controlled
with the layer number of air holes in photonic-
crystal slab. By removing and relocating holes in
blocks, we systematically elevate the chirality of
radiation field. The collective variations of holes
render the EP robust against the uncertainty in
fabrications. Without auxiliary non-Hermitian
and chiral structures, our works promote
coherent chiral light sources at chip level.

(enclosed in white dashed lines) when
approaching the EP.

The near-field and far-
field patterns of modes
at the chiral exceptional
point.
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= o Scanning Near-Field Optical Microscopy in Various Environments for
ElJ Eﬂ: RhBH Nanoscale Molecular and 2D Material Assemblies
MK E SRR L (2009)

J-R. Yu, S.-Y. Weng, S.-M. Lai, H.-C. Chou, P.-W. Tang, and Chi Chen*

P.-W. Tang et al., ACS Nano, 16, 5, 7503 (2022) H.-C. Chou et al., Macromolecules 54, 10750 (2021)
H.-C. Chou et al., Nanoscale 14, 6323 (2022) J.-R. Yu et al., Rev. Sci. Instrum. 91, 073703(2020)
). 02-2787-3188 #3200

The primary tool developed in my lab is the home-built AFM-based scanning near-field
optical microscopy (SNOM) with spectroscopic readout. Three horizontal-type aperture SNOM
instruments in different environments have been successfully constructed and operated to
investigate the stacking of 2D materials as well as soft molecular assemblies including polymer

1EAF§A nanowires and lipid bilayers.
- The SNOM instruments are highly-

. . . e o L . sy e table f ible t hi
B LR R EE N K S EEA RIS S 2B A ARLEFEE (RKEN) &7+ stable for reproducible topographic

, N - e v e o " e scan and optical signaling, which realized
B - R ERREET AERE (APM) - RREMEENS (STM) BXSsiiies - high-quality near-field absorption and

@ chenchi@sinica.edu.tw

SNOM in ambient

U5 EE (SNOM) BT EMBIER K RERSEFE - PL microscopy. We also achieved small
e - e 1 ale £ o e Lo el e Lt s - - litud 2 tappi de i
_ WRBRANFLEELSLSEENR  RWESKERE  LULESRENG / K0 B wson ikl e Lokt Njanan
B ERERIGREA T - EEMREEBER THAERESGLEEZEK © a-SNOM » s-SNOM ~ STM-EL ~ damages and to regulate tip-sample
FATERS » MBAPERBEREPE —H_MINBENE  UREBESmEBENASGLELK - interaction. In addition, we have the full

control of the near-field tip, including its
design, fabrication, and operation.

B 2013 FAERR FMERLUE - BREBREM I KFEXE SNOM #25 - ‘RER AFM fnE
2EAHBPXNEMEALERS  XERTAROCHERIPUE  ZESEAFTRE  ERFEHE R
KPAZEREERENTRIAGAERS  WANNERIGHECTHZRECENZE - BA

Photophysics of H-/J- P3HT stackings. )

go — ¥ g \: 1 t" ‘R"éﬁﬁ oo & o . . .
HH MR FIEE AR AR AR R R R A TR Revealing the Local Band Structures of WS,/MoS, Heterojunction W,Mo,_S,
ok BRI ZE AFM 70 SNOM BB EIMAE R - BT 2R SEBHRHMBNESHE  E2H Alloy by Near-Field Optical Imaging
ERNBHBEMBEAETRAG  FEEHASEBESEERMESIBREETRNBBAE P.-W. Tang, H.-C. Chou, S.-Y. Shiau, J.-R. Yu, X.-Q. Zhang, Y.-H. Lee*, and Chi Chen* (RCAS & NTHU)
Ha o
, . X //?'\\(!interlayercoupling
S . PLq:Jenchlng (h;geﬁeld gradl-ent) . . ey S o u@ﬁf ]
Lateral Heterojunction . . Z73 . N Vertical Stacking " oiircened om n f S a o AN
fb‘l%% VE L AN a2 S HIHHIGOTECIN
We employed near-field photoluminescence (NF-PL) We further developed a near-field broadband transmission,
1 P.-W. Tang, S.-Y. Shiau, H.-C. Chou, J-R. Yu, X.-Q. Zhang, C.-T. Sung, Y.-H. Lee*, and C. Chen* Visualization imaging to study the atomically sharp 1D interfaces between (NF-tr) imaging method for low-quantum-yield materials. The energy
of bandgap evolution and biIayer coupling in W,Mo,.S, aIon by near-field broadband absorption WS, and MoS, heFero;L.mctlon with an optical resolutlon. of contour m?ps present the.ban.dga.p evolution in the WXMOW_XSZalloy.and
. 68 nm. Our NF-PL imaging resolved the narrowest quenching reveal the interlayer coupling in bilayer W,Mo,,S,. The NF-tr technique
mlcroscopy.ACS Nano, 16, 5, 7503-7511(2022) width (105 nm) and sharpest strain mapping because of the provides abbreviation-free and nanoscale-resolution imaging capability
2 H.-C. Chou, X.-Q. Zhang, S.-Y. Shiau, C.-H. Chien, P.-W. Tang, C.-T. Sung, Y.-C. Chang, Y-H Lee* and C C. Chen* superior spatial resolution and stability of our home-built of the entire conduction band over highly lateral inhomogeneity.
Near-Field Spectroscopic Imaging of Exciton Quenching at the Atomically Sharp MoS,/WS, Lateral SNOM. ,
Heterojunction. Nanoscale 14,6323 - 6330 (2022) @ ' 3 i/‘\‘«. e
3S. Luo, P. P. Lin, L.-Y. Nieh, G.-B. Liao, P.-W. Tang, C. Chen, and }. C. Liao* A cell-free self-replenishing CO, & LT AN ; ‘ Vf” v v
fixing system. Nature Catalysis 5,154-162 (2022) - me T e o
_ “x 200+ WAM j - { WS2-A MoS-A  Billst-L, MoSx-Al
4 H.-C. Chou, C.-K. Fang, P.-Y. Chung, J.-R. Yu, W.-S. Liao, S.-H. Chen, P. Chen, I.-S. Hwang, ).-T. Chen*, and o Tl —— 1°°'M~MM/\M~/\~M3 5 1 - d "N
C. Chen* Structural and Optical Identification of Planar Side-Chains Stacking P3HT Nanowires. il e B s e\ : ]\ H
Macromolecules 54, 23,10750-10757 (2021) B Hk iy W B 1 20 Bl P - v — g

5).-R. Yu, H.-C. Chou, C.-W. Yang, W.-S. Liao, I.-S. Hwang, and Chi. Chen* A Horizontal-type Scanning Near-
Field Optical Microscope with Torsional Mode Operation Toward High-Resolution and Non-destructive

Imaging of Soft Materials. Rev. Sci. Instrum. 91,073703 (2020)
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Hj] EH E Laser writing of individual nitrogen-vacancy defects in diamond with near-
v

unity yield
FERERBHHABL (2017)

Yu-Chen Chen

Optica 6 (2019): 662-667

@ 02-2787-3177 e Spin defects in wide band gap materials show
s a great potential for various quantum applications.

Nitrogen-vacancy (NV') centre in diamond is one
of the most promising spin defect. In order to
realise quantum applications, it is important to
A\ engineer the NV centre at desired location with

1EAF§) | high positioning accuracy and yield. Although the

traditional single NV centre generation method can
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FRETRBHARE i EREMRER/AEREEFIFEREESETER - ttEZNHREBLHRE provide high position accuracy, the yield is lower t::tiers\;vr:;;ten SIS e e e
REERRM R PR B (E B hEsR PR 2R H 8 F45 1% - HINEAasikiLsy - tERFEXRBISELTS than 50%. We developed a method which using
i » ZHERERAEAEIEMEE 2 - femtosecond laser pulse sequence combined with i T2 coherence time measured
fluorescence feedback to generate single NV centres e | by Hahn echo pulse sequence
fth BA3E 7 1 AR ARE & 51 £ # A h & B B8 — i Nitrogen-vacancy & -Fikpa - i Bt 75 7538 array with yield of 96%. The positioning accuracy of _ o
AT EE B # P EE D EREREE - Fitt - FEEMAY Nitrogen-vacancy #) B e 82 5t 2 5] 58 14 single NV centres in the image plane is measured = +% =¥ ¢/* | 3
ATLUEEIEIAEIR - 0 E - b BT SR A 7 AT b PR 4 B TR0 - BARRALAY R silicon to be about 40 nm. Moreover, the laser written ., ~ _ **~< <+ El
vacancy e single NV centres still possess good spin coherence . it
properties and the T, coherence time was measured - =0 o o g0 0 e
@m*%ﬁﬁ%ﬁﬁigﬁ%ﬁ%ﬁﬂlﬂiﬁ_ ° %-1@EEE%EEI%%EE%VE%?%’I%E‘]Mﬂ':F‘fﬂiﬁﬁ up to 170 ps by standard Hahn echo measurements. The position of NV centres relative to target grid
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BETFHREEE FENER LERBAHE Spin readout and manipulation of single defect in hBN 2D material
B8 FHfRER FERER LEGERIES -

Yu-Chen Chen

. — Nature Materials 20 (2021): 1079-1084
ftﬁ%{’E Single photon emitters in hexagonal boron .

nitride (hBN) have attracted many researchers’ |

1Y. C. Chen,S. C. Lin, ). P. Chou, Y. C. Tsai, C. T. Huang, C. J. Lee, W. H. Chang. Stable Single Photon Emitters attentions, because it can be easily coupled i
with Large Debye-Waller Factor in Silica. ACS Photonics 12, 3,1461-1469 (2025). into photonic structures. Moreover, some single 53 o )

2 N. Chejanovsky, A. Mukherjee*, ). Geng, Y. C. Chen, Y. Kim, A. Denisenko. A. Finkler, T. Taniguchi, K. photon emitters’ zero-phonon line (ZPL) have L R m T B
Watanabe, D. B. R. Dasari*. P. Auburger, A. Gali, J. H. Smet, and J. Wrachtrup. Single-spin resonance in a van been found to be Fourier transformed limited o (M2 tes)
der Waals embedded paramagnetic defect. Nature Materials 20, 1079-1084 (2021). linewidth at room temperature. This property ODMR signal and g*“(t) result of a defect in hBN

pave a way to realise the quantum repeater and c e i

3 gllh Nhl.ethar:n;e[ , MAVXAdT}?m']’ T. R(Iendler,NN.TMSorloka,dY. %Chﬁtn, R. Scto:r, J. L:I I-llastsa.m,ls. Or:jod?c,'l;; quantum communication at room temperature.
shima, S. Y. Lee, A. Mukherjee, J. Isoya, N. T. Son, and J. Wrachtrup. Coherent electrical readout o However, single spin defects was not discovered

defect spins in silicon carbide by photo-ionization at ambient conditions. Nature Communications 10, in the hBN. We have successfully found that some &

Tog~1NS
o
) 1SBAU00 HNAO MO

5569 (2019). single defects show optically detected magnetic TQ 9 ‘3
4 C.).Stephen, B. L. Green, Y. N. D. Lekhai, L. Weng, P. Hill, S. Johnson, A. C. Frangeskou, P. L. Diggle, Y. C. Chen, ). resonance (ODMR). Various laser and microwave S 4 . o

Strain, E. Gu, M. E. Newton, J. M. Smith, P. S. Slater, and G. W. Morley*. Deep three-dimensional solid-state pulse sequences were used to investigate the spin =~ '] { R — ’

qubit arrays with long-live spin coherence. Physical Review Applied 12,064005 (2019). dynamics and we built a simple model to describe o4 of the level diagram Estimation of T1 spin coherence fime
5 M. Widmann*, M. Niethammer, D. Y. Fedyanin, I. A. Khramtsov, T. Rendler, I. D. Booker, J. Ul Hassan, N. the results. We concluded that the magnetic

Marioka, Y. C. Chen, I. G. Ivanov, N. T. Son, T. Ohshima, M. Bockstedte, A. Gali, C. Bonato, S. Y. Lee*, and J. resonance locates at the ground state. The . . .

Wrachtrup. Electrical charge state manipulation of single silicon vacancies in a silicon carbide quantum g-factor.of the defect was measured to be 2.06. The T, spin coherence time of the spin defects

optoelectronic device. Nano Letters 19, 10, 7173-7180 (2019). were estimated to be around 13~17 ps.
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